We study electronic multiple-slit diffraction with a quantum mechanical approach. Our theoretical results are in good agreement with classical theoretical calculations and we obtain the following resluts: (1) There are N − 2 secondary maxima and N − 1 minima between the two principle maxima in diffraction pattern. (2) As the slit number N increasing, the diffraction intensity increases and the pattern width becomes narrow. (3) The slit thickness c dose not have any influence on diffraction pattern when slit width a is far greater than the electronic wavelength λ, for example, the ratio of a λ
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5 , and at the ratio, the missingorder phenomenon can be observed when d+a a = n (n = 1, 2, 3 . . .), where d is the distance of slit-to-slit. (4) When a is not far greater than λ (the ratio of a λ = 500), the slit thickness c has an effect on diffraction pattern. The missing-order phenomenon can be shown only if the slit thickness c is small enough, and it disappears when the slit thickness c becomes large. In addition, the slit thickness c affects the relative diffraction intensity of the diffraction pattern.
Subject Index: 060 §1. Introduction Today, more than 80 years after the epochal proposal by Lousi de Broglie of wave properties of matter, experimental evidence for these properties is convincing beyond doubt. The matter-wave diffraction has become a large field of interest and has been extended to atoms and more massive, complex objects, like large molecules I 2 , C 60 and C 70 , which were found in experiments. 1)−3) At the same time, these experiments have been explained by some theoretical works. The classical optics with its standard wave-theoretical methods and approximations, in particular those of Huygens and Kirchhoff, have been successfully applied to classical optics, and have yielded good agreement with many experiments. This simple wave-optical approach also gives a description of matter wave diffraction. 4),5) However, matter-wave interference and diffraction are quantum phenomena, and its full description needs quantum mechanical approach. Recently, we have studied the neutron single slit diffraction with quantum mechanical approach and obtained some important and new results. 6) In this paper, we study the multiple-slit diffraction of electron with the quantum mechanical approach. In view of quantum mechanics, the electron has the nature of wave, and the wave is described by wave function ψ( r, t), which can be calculated with the Schrödinger wave equation. The wave function ψ( r, t) has statistical meaning, i.e., | ψ( r, t) | 2 can be explained as particle's probability density at the definite position. For multiple-slit diffraction, if we can calculate the electron wave function ψ( r, t) distributing on display screen, then we can obtain the diffraction intensity for a multiple-slit, since the diffraction intensity is directly proportional to | ψ( r, t) | 2 . In the multiple-slit diffraction, the electron wave functions can be divided into three parts. The first is the incoming area, where the electron wave function is a plane wave. The second is the slit area, where the electron wave function can be calculated by the Schrödinger wave equation. The third is the diffraction area, where the electron wave function can be obtained by Kirchhoff's law. In the following, we calculate these wave functions. §2. Quantum approach of electron diffraction
In an infinite plane, we consider a multiple-slit. Its width a, length b and the slit-to-slit distance d are shown in Fig. 1 . The x axis is along the slit length b and the y axis is along the slit width a. We calculate the electron wave function in the first single slit (left) with the Schrödinger equation, and the electron wave functions of the other single-slits (right) can be obtained by translating the coordinate easily. At time t, we suppose that the incoming plane wave travels along the z axis. It is
where A is a constant and E is the energy of the electron. The potential in the single slit is
where c is the thickness of the single slit. The time-dependent and time-independent Schrödinger equations are
where M is the mass of the electron and λ = 2π√ 2ME
is the wavelength of the electron. In Eq. (4), the wave function ψ(x, y, z) satisfies the boundary conditions
The partial differential Eq. (4) can be solved by the method of separation of variable. By writing
the general solution of Eq. (3) is
Equation (8) is the electron wave function in the first single slit. Since the wave functions are continuous at z = 0, we have
From Eq. (9), we obtain the coefficient D mn
Substituting Eq. (10) into Eq. (8), we can obtain the electron wave function in the first single slit,
The electron wave function in the N -th single slit can be obtained by making the coordinate translations x = x, y = y − (N − 1)(a + d), z = z, and we can obtain the electron wave function ψ N (x, y, z, t) in the N -th single slit 
where ψ out (r r r, t) is diffraction wave function on display screen, ψ in (r r r, t) is the wave function of slit surface (z = c), σ is the area of the aperture or slit and k =
In Eq. (14), the first, second and the N -th terms are corresponding to the diffraction wave functions of the first slit, second and the N -th single slit.
In the following, we firstly calculate the diffraction wave function of the first single slit,
The diffraction area is shown in Fig. 2 , σ 1 is the area of the first single-slit, r r r is the position of a point on the surface (z = c), l is the distance between the slit and the display screen, and n n n is a unit vector, which is normal to the surface of the slit. P is an arbitrary point in the display screen, and s is the distance between P and o . From Fig. 2 , we have 
and then, e ikr r = e 
ik(R−
Assume that the angle between k k k 2 and x axis (y axis) is
, and α(β) is the angle between k k k 2 and the surface of yz (xz), then we have
where θ is the angle between k k k 2 and z axis, and the angles θ, α, and β satisfy the equation
And from Fig. 2 
Equation (22) is the diffraction wave function of the first single slit. Obviously, the diffraction wave function of the N -th single slit is
where d is the two slit distance. The total diffraction wave function for the N -slit is
t). (24)
For the double-slit and three-slit diffraction, the N are 2 and 3. From the diffraction wave function ψ out (x, y, z, t) we can obtain the relative diffraction intensity I on the display screen,
The electron diffraction experiment of multiple slits had been reported by Jönsson in 1974. 8) In the experiment, the diffraction patterns were not given by experimental data, but given by photos. The author found his results can be explained excellently by the classical theoretical formula. It is
Our numerical calculations are compared with the theoretical formula (26), and we find our results are in good agreement with the results of formula (26). Figure 3 shows the diffraction patterns from one, two, three, four, five and eight slits with λ = 0.05Å, a = 0.3 μm, b = 50 μm, c = 200Å, d = 0.7 μm , l = 350 mm and α = 0 rad. Those parameters are taken at the experiment of Jönsson. The solid curve is our theoretical calculations and the dot curve is the results of Eq. (26). We can find there are N − 2 secondary maxima and N − 1 minima between the two principle maxima. As the slit number N increasing, the diffraction intensity increases and the pattern width becomes narrow. The solid curve is our theoretical calculations and the dot curve is the results of Eq. (26). We find the order 3, 6, · · · are missing, because the ratio of d+a a = 3. In double-slit diffraction, the missing order can be said to be due to a combination of interference and diffraction. Figure 4(b) shows the relation between the slit thickness c and relative diffraction intensity I in our quantum theory when s = 0 μm, 1.12 μm, 2.21 μm, 4.69 μm and 5.73 μm (They are corresponding to the central maximum, the fist-order, second-order, fourth-order and fifth-order diffraction peaks.). For s = 2.21 μm, 4.69 μm and 5.73 μm, their real intensity I should be multiplied by 0.4, 0.1 and 0.1 respectively. It is shown that the relative diffraction intensity I does not change when the slit thickness c increases, i.e. the slit thickness c has not any influence on diffraction pattern in this case of a λ = 10 5 . While the ratio of a λ = 500, we find the slit thickness c has influence on diffraction patterns obviously.
Figures 5 (a) -(c) give our theoretical results from two slits with λ = 0.05Å, a = 25Å, b = 50 μm and d = 50Å , l = 350 mm and α = 0 rad, corresponding to c = 10Å, 500Å and 1000Å. In Fig. 5(a) , we can find that the order 3, 6, · · · are missing. However, when the slit thickness c = 500Å and 1000Å, the missing-order phenomenon disappears though the ratio of In conclusion, we study electronic multiple-slit diffraction with a quantum mechanical approach. The diffraction patterns are obtained and we found: (1) There are N − 2 secondary maxima and N − 1 minima between the two principle maxima in diffraction patterns. (2) As the slit number N increasing, the diffraction intensity increases and the pattern width becomes narrow. (3) The slit thickness c does not have any influence on diffraction patterns when slit width a is far greater than the electronic wavelength λ, for example, the ratio of a λ = 10 5 , and at the ratio, the missing-order phenomenon can be observed when 
.). (4)
When a is not far greater than λ (the ratio of a λ = 500), the slit thickness c has an effect on diffraction patterns. The missing-order phenomenon can be shown only if the slit thickness c is small enough, and it disappears when the slit thickness c becomes large. Otherwise, the slit thickness c affects the relative diffraction intensity of the diffraction pattern. We think the predictions in our work can be tested by the electronic multiple-slit diffraction experiment.
